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Introduction 


This  final  report  provides  an  update  on  progress  on  the  AOARD  funded  study 
(FA4869-06- 1-0041  AOARD  06400),  presently  being  conducted  at  the  Sleep/Wake 
Research  Centre,  Massey  University.  The  aim  of  the  study  is  to  accurately  document 
the  magnitude  and  time  course  of  sleep  inertia  after  naps  of  20,  40  or  60-minutes 
duration,  taken  after  20  hours  of  wakefulness  and  at  0200  in  the  circadian  cycle. 

Sleep  Inertia 

The  transient  confusion  and  reduced  cognitive  and  behavioral  performance  seen  on 
sudden  awakening  is  known  most  commonly  as  sleep  inertia  (1,2).  Sleep  inertia  is 
one  of  the  most  serious  contraindications  to  the  use  of  napping  in  operational  settings, 
particularly  if  an  individual  may  be  required  to  perform  complex  tasks  immediately 
after  sudden  awakening.  It  has  also  been  noted  as  a  possible  cause  of  air  accidents  (3). 
The  physiological  underpinnings  of  sleep  inertia  are  still  unclear,  but  it  is 
hypothesized  to  be  due  to  a  gradual  neurophysiological  transition  between  sleep  and 
wakefulness,  which  takes  time  to  be  completed  (1). 

Attempts  have  been  made  to  incorporate  sleep  inertia  into  different  theoretical  models 
of  alertness  and  performance  (4-7).  The  two  other  major  components  in  these  models 
are  circadian  variation  (process  C)  and  the  homeostatic  sleep  drive  (process  S),  which 
depends  on  prior  sleep/wake  history.  Data  from  a  number  of  neurobehavioral 
measures  indicate  the  amplitude  of  the  circadian  variation  is  dependent  on  the  level  of 
the  homeostatic  sleep  drive  (8-10)  indicating  that  S  and  C  interact  in  a  non-linear 
manner.  It  has  also  been  suggested  (11)  that  sleep  inertia  (process  W)  may  interact  in 
a  non-linear  manner  with  S  and  C,  although  in  current  models  it  is  treated  as  acting 
independently.  For  example,  the  duration  and  magnitude  of  sleep  inertia  may  increase 
when  people  are  sleep  deprived  (implying  an  interaction  of  W  and  S).  It  is  also 
possible  that  sleep  inertia  is  worse  at  some  circadian  phases  than  at  others  (implying 
an  interaction  of  W  and  C). 

Better  data  are  needed  to  clarify  these  possible  interactions,  and  to  provide  improved 
guidelines  for  the  effective  use  of  napping  as  a  fatigue  countermeasure  in  operational 
settings. 
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Duration  of  Sleep  Inertia 

To  date,  findings  of  previous  studies  aimed  at  quantifying  the  magnitude  and  time 
course  of  sleep  inertia  have  been  inconsistent.  This  is  in  part  due  to  disparities  in 
methodology,  such  as  differences  in  duration  of  prior  wakefulness,  differences  in 
duration  and  timing  of  naps,  and  differences  in  the  performance  tests  used  and  the 
frequency  of  testing. 

Without  prior  sleep  loss,  the  duration  of  sleep  inertia  has  been  reported  by  some 
authors  to  be  up  to  20  minutes  (12-14),  while  other  studies  report  no  measurable 
effects  after  a  minute  (15).  Jewett  et  al.  (11)  demonstrated  that,  following  wake  at  the 
habitual  time  from  a  full  8-hour  sleep  episode,  the  effect  of  sleep  inertia  on  cognitive 
performance  (2-minute  addition  task)  levelled  off  in  an  asymptotic  manner  only  after 
2  hours.  Achermann  et  al.  (16)  reported  that  the  effect  of  sleep  inertia  on  reaction 
time,  after  awakening  from  night  time  sleep  or  an  evening  nap,  subsided  over  30 
minutes  but  persisted  for  up  to  1  hour. 

Magnitude  of  Sleep  Inertia:  Effect  of  Sleep  Stage  and  Sleep 
Duration 

Early  laboratory  studies  indicated  that  sleep  inertia  was  more  severe  after  waking 
from  slow  wave  sleep  (12),  and  after  spending  longer  in  slow  wave  sleep  (SWS)  (17), 
possibly  due  to  the  greater  neurophysiological  transition  required  from  sleep  to 
wakefulness.  However  this  finding  is  not  universal  (18,  19). 

Sleep  inertia  is  also  reported  to  be  most  severe  with,  and  last  for  longer,  after  greater 
prior  sleep  loss  (20),  which  would  be  expected  to  increase  the  homeostatic  drive  for 
SWS. 

Magnitude  of  Sleep  Inertia:  Effect  of  Circadian  Phase 

The  magnitude  of  sleep  inertia  is  also  thought  to  be  affected  by  circadian  phase  and  is 
reported  to  be  greatest  near  the  nadir  of  core  body  temperature  (2,  21),  when  the 
circadian  drive  for  sleep  is  greatest. 

Objectives  of  Present  Study 

The  present  study  is  designed  to  maximise  the  effects  of  sleep  inertia,  assessed 
through  measures  of  cognitive  performance,  neurophysiological  alertness,  and 
subjective  reports.  The  likelihood  of  sleep  inertia  is  maximised  by  creating  a  high 
homeostatic  drive  for  sleep  by  extending  wakefulness  to  approximately  20  hours  and 
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testing  sleep  inertia  close  to  the  circadian  nadir,  by  waking  the  participant  from  a  nap 
at  2am. 


The  objectives  of  the  present  study  are  to: 

1.  Determine  the  magnitude  of  any  decrements  in  performance  and  subjective  and 
neurophysiological  alertness  upon  waking  from  naps  ending  at  02:00  hrs  (after  20 
hrs  awake),  compared  to  when  no  nap  is  taken. 

2.  Determine  the  time  course  for  any  decrements  in  waking  functioning  to  return  to 
baseline  levels  (compared  to  when  no  nap  is  taken). 

3.  Determine  whether  the  nap  (duration,  proportion  of  SWS  or  sleep  stage  on 
awakening)  influences  the  magnitude  or  time  course  of  sleep  inertia. 
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Method 


Recruitment  and  Screening 

For  the  first  3  runs  of  the  study  nine  healthy  adult  males  were  recruited  from  the 
Wellington  (NZ)  region.  To  reduce  the  likelihood  of  confounding  caused  by  changes 
in  sleep  across  the  menstrual  cycle,  all  participants  were  male.  Participation  was 
informed  and  voluntary  and  conformed  to  all  institutional  and  government  guidelines 
for  the  protection  of  human  subjects.  Written  consent  was  obtained  from  each 
participant.  The  following  selection  criteria  were  used. 

•  Age  20-35  years. 

•  Non-  or  mild/moderate  caffeine  consumers  (0-3  cups  per  day).  Participants  were 
asked  to  minimize  caffeine  consumption  for  7  days  prior  to  the  laboratory 
protocol,  and  to  avoid  caffeinated  drinks  from  midday  the  day  before  the 
laboratory  protocol. 

•  Non-smokers. 

•  Non-  or  social  drinkers  only  (0-10  standard  drinks  per  week). 

•  No  shift  workers. 

•  No  previous  diagnosis  for  psychiatric  and/or  neurological  problems. 

•  Not  taking  any  medication/drugs  acting  on  central  nervous  system.  A  urine  drug 
screen  test  was  performed  when  participants  arrived  at  the  research  facility  each 
weekend  for  the  laboratory  protocol. 

Participants  were  recruited  through  advertisements  in  local  print  media,  under  the 
heading:  “The  effects  of  napping  on  performance  and  alertness  during  a  period  of 
sleep  deprivation”.  There  was  no  mention  of  sleep  inertia  to  the  participants  at  any 
stage  of  the  study,  thus  reducing  the  likelihood  that  they  could  react  to  the  demand 
characteristics  of  the  study. 

Participant  screening  involved  completing  a  questionnaire  and  meeting  certain  criteria 
on  a  number  of  standardised  scales;  completing  and  passing  a  medical  examination; 
and  completing  and  passing  a  urine  dmg  test  prior  to  each  weekend  protocol.  Further 
detail  on  the  screening  process  can  be  found  in  Appendix  A. 
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Prior  to  the  Laboratory  Protocol 

Each  laboratory  protocol  was  preceded  by  7  nights  of  stable  sleep,  monitored  with  an 
Actiwatch’’’’^  (MinimitterTM)  and  sleep  diary.  The  Actiwatch'*''^  is  a  small  watch-sized 
device,  which  measures  the  occurrence  and  degree  of  wrist  motion  with  an 
accelerometer.  This  device  has  been  proven  highly  sensitive  to  sleep,  with  correlations 
of  approximately  0.96  to  polysomnographically  recorded  sleep  in  both  normal  and 
sleep  disordered  populations  (22,  23).  In  addition  to  wearing  an  Actiwatch’^^, 
participants  completed  a  sleep  diary,  to  provide  reference  information  for  the 
actigraphy  output.  The  sleep  diary  was  developed  from  log  books  used  in  previous 
studies  (24-28). 

To  reduce  disrupted  sleep  caused  by  wearing  the  polysomnographic  recording 
equipment  for  the  fist  time  (first  night  effect),  participants  wore  the  recording 
equipment  for  one  night’s  sleep  at  home  (adaptation  night),  prior  to  their  first 
laboratory  protocol. 

During  the  Laboratory  Protocol 

Participants  were  involved  in  the  protocol  on  4  separate  occasions;  one  for  each  nap 
condition  plus  the  control  condition  of  no  nap.  Participants  were  reimbursed  for  their 
time  and  effort  for  each  of  the  4  study  protocols,  plus  a  bonus  at  the  end  of  the  study. 
Taxi  chits  were  provided  for  transport  to  and  from  the  research  facility. 

Protocols  were  conducted  during  the  weekend  and  commenced  on  a  Friday  evening 
and  finished  on  a  Sunday  morning  (see  Figure  3).  During  this  time  participants  were 
asked  not  to  leave  the  premises  and  no  vigorous  exercise  was  allowed.  Participants 
slept  and  undertook  all  testing  in  their  own  cubicle  in  the  Sleep  Faboratory.  This 
facility  allows  up  to  three  participants  to  be  studied  in  an  environment  where 
temperature  and  lighting  can  be  controlled.  Research  Assistants  monitored  the 
participants  throughout  the  study  protocol  to  ensure  that  they  remained  awake  during 
times  that  were  not  scheduled  sleep  periods.  Sleep  periods  were  monitored  to  ensure 
recording  quality  was  maintained  and  in  case  a  participant  required  assistance. 

Iso-caloric  meals  were  scheduled  at  regular  times  (see  Figure  3),  and  snacks  and  non- 
caffeinated  drinks  were  provided  regularly  throughout  the  protocol.  Meals  were 
balanced  in  terms  of  carbohydrate  and  protein  content  and  snacks  with  high  sugar 
content  were  not  provided. 
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Each  participant  had  access  to  a  colour  television  and  game  console/DVD  player,  with 
a  selection  of  games  and  movies  as  aids  to  remain  awake  and  entertained  in  between 
test  sessions. 

The  study  design  involved  manipulating  the  length  of  the  nap  opportunity  (20,  40,  or 
60  minute  naps)  to  influence  the  proportion  of  slow-wave  sleep  obtained  and  the  sleep 
stage  from  which  people  woke.  Even  under  conditions  of  extended  prior  wakefulness, 
the  likelihood  of  entering  and  spending  time  in  SWS  during  a  20-minute  nap 
opportunity  is  expected  to  be  small.  A  40-minute  nap  increases  this  likelihood,  while 
during  a  60-minute  nap  opportunity  an  individual  is  expected  to  spend  some  time  in 
SWS.  All  nap  opportunities  ended  at  0200  hours  and  were  immediately  followed  by  a 
6-minute  test  battery,  repeated  at  a  high  rate  for  the  first  3  hours  following  waking 
(see  Figure  3). 

Protocol 

Participants  arrived  at  the  Sleep  Eaboratory  at  1800  hours  on  Friday  and  were 
provided  with  time  to  settle  in  prior  to  providing  a  urine  sample  for  drug  screening. 

On  the  first  of  the  4  weekend  protocols,  participants  completed  the  remaining 
performance  test  practice  sessions  and  were  also  familiarised  with  the  Psychomotor 
Vigilance  Task  (PVT). 

Participants  had  electrodes  placed  on  their  head  and  face  to  record  sleep  and  waking 
alertness  throughout  the  remainder  of  the  protocol  (using  the  AlO  ambulatory 
recorder,  Embla™).  Gold  Grass  electrodes  were  placed  according  to  the  10-20  system 
at  EEG  sites:  C4,  C3,  Fz,  Pz  and  Oz  (referenced  to  A1  or  A2).  Feft  and  right  FOG 
was  recorded  from  the  left  and  right  outer  canthus,  again  referenced  to  A1  or  A2. 
Bipolar  EMG  was  recorded  from  2  electrodes  positioned  on  the  mentalis/submentalis 
muscles. 

Prior  to  the  night  sleep  opportunity  commencing,  instructions  for  the  first  test  battery 
the  following  morning  were  read.  Fights  were  switched  off  at  2200  hours.  This  initial 
night  of  sleep  allowed  the  amount  of  sleep  obtained,  and  the  duration  of  wakefulness 
preceding  performance  testing,  to  be  as  uniform  as  possible  across  protocols. 

At  0600  hours  the  following  morning  an  alarm  clock  inside  the  Sleep  Eaboratory 
sounded.  A  Research  Assistant  switched  on  the  lights,  entered  the  room,  and  switched 
off  the  alarm.  Participants  were  required  to  immediately  leave  their  beds,  sit  on  a  chair 
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located  in  their  cubicle  and  commence  the  first  test  battery.  If  the  participants  did  not 
rouse  after  the  alarm  or  failed  to  start  the  test  battery  they  were  gently  reminded  by  a 
Research  Assistant  of  the  correct  procedure.  Throughout  all  test  batteries  Research 
Assistants  monitored  the  behaviour  of  participants. 

On  completion  of  the  first  test  battery  participants  were  provided  with  breakfast. 
Following  the  second  test  battery  (0800  hours,  see  Figure  3)  participants  were  given 
the  opportunity  to  shower  and  have  the  electrodes  reapplied.  The  timing  of  the  further 
test  batteries  prior  to  the  nap  can  be  seen  in  Figure  3. 

Prior  to  a  nap  opportunity  commencing,  participants  were  reminded  of  the  order  of 
events  following  the  nap  and  the  quality  of  the  electrophysiological  connections  were 
checked.  Depending  on  the  duration  of  the  nap,  the  lights  were  switched  off  at  either 
0140  hours  (20-minute  nap),  0120  hours  (40-minute  nap),  or  0100  hours  (60-minute 
nap). 

To  accurately  track  the  time  course  of  sleep  inertia,  intensive  testing  occurred 
immediately  following  waking  at  0200  hours  (waking  from  the  nap  followed  the  same 
procedure  as  at  0600  hours  the  previous  morning).  For  the  first  hour,  2  test  batteries 
were  completed  back  to  back  every  15  minutes.  From  0300  hours  to  0500  hours  2  test 
batteries  were  completed  back  to  back  every  30  minutes,  then  single  test  batteries 
were  completed  hourly  until  the  protocol  ended  at  0800  hours.  See  Figure  3  for  further 
detail. 

Following  the  final  test  battery  participants  were  provided  with  breakfast,  given  a 
small  financial  compensation  for  their  time,  a  blank  sleep  diary  for  the  week 
preceding  the  next  protocol,  and  provided  with  a  taxi  to  get  home. 

Test  Battery 

A  short  (6-minute)  test  battery  was  utilised  so  that  testing  could  be  quickly  and  easily 
repeated.  During  the  intensive  testing  period  immediately  post-nap,  rest  periods  were 
required  to  prevent  time-on-task  effects  confounding  the  findings  (12-14).  For  the  first 
hour  of  testing,  a  3-minute  rest  followed  each  two  6-minute  test  battery  (see  Figure  2). 
Any  subsequent  decrements  in  performance  and/or  alertness  were  therefore  expected 
to  be  due  to  sleep  inertia.  Each  test  battery  comprised  3  measures:  a  rating  of 
subjective  alertness;  a  working  memory  task;  and  the  measurement  of 
neurophysiological  alertness. 
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Subjective  Sleepiness  (Karolinska  Sleepiness  Scale) 

To  provide  information  that  can  be  compared  to  findings  from  previous  studies  on 
sleep  inertia,  e.g..(l  1),  each  test  battery  commenced  with  a  rating  of  subjective 
sleepiness.  The  Karolinska  Sleepiness  Scale  (KSS)  is  a  widely-used  scale,  that  has 
been  validated  with  respect  to  decrements  in  performance  and  objective  measures  of 
sleepiness  (29,  30).  The  KSS  is  a  9  point  scale  from  1  (extremely  alert)  to  9 
(extremely  sleepy,  fighting  sleep),  that  takes  approximately  30  seconds  to  complete. 

Working  Memory  (N-back  task) 

To  accurately  document  the  magnitude  and  time  course  of  sleep  inertia  on 
performance,  the  N-back  task,  a  4-minute  working  memory  task,  was  employed  (31- 
36).  This  task  was  chosen  for  the  following  attributes: 

•  previous  findings  showed  that  the  effects  of  sleep  inertia  are  more  obvious 
when  high  attentional  load  is  required  such  as  in  working  memory  tasks  (2, 
37); 

•  in  contrast  to  self-paced  tasks,  work-paced  tasks  are  much  less  likely  to  be 
confounded  by  a  change  in  cognitive  strategy,  often  trading  accuracy  for 
speed,  and  are  thus  likely  to  be  highly  sensitive  to  relatively  small  changes  in 
sleep  inertia; 

•  the  short,  4-minute  duration  of  the  task  allows  for  frequent  testing,  thus 
improving  the  measurement  of  the  time  course  of  sleep  inertia; 

•  in  a  similar  fashion  to  sleep  deprivation,  sleep  inertia  causes  a  general  decline 
in  the  ability  to  allocate  attention  to  a  task  (1)  and  because  sleep  deprivation 
leads  to  increased  visual  and  auditory  distraction  due  to  a  lack  of  focused 
attention  (38),  it  is  expected  that  sleep  inertia  will  also  lead  to  similar 
difficulties  in  avoiding  distractions; 

•  the  test  has  been  well-validated. 

The  task  requires  participants  to  compare  the  spatial  location  of  a  “current”  stimulus 
with  the  nth-item  back  (e.g.:  1-back,  2-back)  in  a  sequentially  presented  list  of  items. 
The  participant  must  judge  whether  these  locations  match  or  not,  regardless  of  their 
identities.  The  task  challenges  individuals  to  maintain  the  n-back  item  in  focal 
attention  while  concurrently  processing  new  items.  Substantial  demands  are  placed  on 
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executive  processes  because  the  response  set  must  be  continually  updated  as  a  new 
stimulus  is  presented,  by  focusing  on  the  spatial  location  of  the  stimulus  while 
disregarding  its  identity. 

In  the  present  study,  the  2-back  task  was  utilised,  rather  than  the  simpler  1-back  task, 
to  maximize  the  sensitivity  to  the  effects  of  sleep  inertia.  In  the  2-back  task,  one  of  12 
possible  capital-letter  stimuli  appears  in  one  of  12  possible  locations  on  a  computer 
monitor.  Participants  compare  the  location  of  the  current  stimulus,  regardless  of  its 
identity  as  a  letter,  with  the  location  of  the  stimulus  presented  2  trials  previously  (see 
Figure  1).  That  is,  participants  are  required  to  maintain  two  positions  and  their 
sequential  order  in  working  memory  for  the  duration  of  two  trials,  and  to  update  that 
information  on  each  trial.  Since  each  trial  lasts  4.5  seconds,  accurate  performance  in 
these  conditions  require  that  stimuli  are  retained  for  -  13.5  seconds.  Participants  are 
instructed  to  respond  as  quickly  and  as  accurately  as  possible,  and  to  indicate  match 
detection  with  an  index  finger  key  press,  and  a  non-match  with  the  middle  finger 
(both  of  the  dominant  hand). 


TIME  0  4.5  9  13.5  18  22.5  seconds 

TRIAL  1  2  3  4  5  6 

Figure  1.  Representation  of  the  2-Back  task. 

The  single,  capital-letter  stimuli,  drawn  randomly  from  a  set  of  12,  are  presented  for 
200  milliseconds,  once  every  4.5  seconds.  At  1.3  seconds  prior  to  stimulus  onset,  a 
warning  cue  appears  on  the  screen  for  200  milliseconds.  The  letter  stimulus  occurs  1.3 
seconds  after  the  cue  in  1  of  12  possible  locations  on  the  monitor.  The  identity  of  the 
letter  and  its  spatial  position  vary  randomly  from  trial  to  trial.  Matches  occur  on  50% 
of  the  trials.  A  test  block,  consisting  of  50  trials,  preceded  by  3  warm-up  trials  (to  be 
discarded  from  analysis),  has  a  duration  of  4  minutes.  The  test  is  completed  by  the 
participant  on  a  laptop  and  is  run  by  LabVIEW^’^  software  (National  Instruments^’^). 
The  outcome  measures  used  in  the  present  report  are:  total  number  of  correct  matches 
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and  correct  non-matches;  mean  reaction  time  for  correct  matches  and  correct  non¬ 
matches;  and  number  of  omissions  (failure  to  respond  prior  to  the  next  stimulus  being 
presented). 

To  remove  practice  effects,  participants  completed  40  practice  tests  (2000  trials)  prior 
to  their  involvement  in  the  protocols.  Asymptotic  performance  is  reported  to  be 
achieved  after  200  trials  (where  1  trial  =  1  stimulus)  (35)  but  further  information  from 
M.  Smith  (personal  communication,  September  28,  2005)  suggests  that  participants  in 
their  study  had  in  fact  around  2000  trials  of  practice  on  the  2-back  task.  Practice 
sessions  were  completed  in  association  with  the  initial  screening  meeting  (750  trials), 
either  the  medical  or  adaptation  night  (500  trials),  and  the  Friday  night  of  the  first 
weekend  protocol  (750  trials). 

90-second  EEG  recording 

The  test  battery  also  included  a  90  second  controlled  EEG  recording  with  eyes  open. 

In  addition  to  the  sites  used  for  recording  sleep  (C3  and  C4),  electrodes  were  placed  at 
Fz,  Pz  and  Oz  to  detect  changes  in  neurophysiological  alertness. 

EEG  recordings  have  been  used  extensively  to  obtain  objective  neurophysiologic 
measures  of  changes  in  alertness,  with  the  majority  of  studies  focusing  on  the 
transition  from  wakefulness  to  sleep  (29,  39,  40).  Using  EEG  indices,  Pigeau, 
Heslegrave  et  al.  (41)  found  that  sleep  inertia  resembles  an  early  phase  of  sleep. 
Ogilvie  and  Simons  (10)  measured  changes  in  EEG  spectral  power  during  the 
transition  from  sleep  to  wakefulness  and  found  that  delta,  theta  and  sigma  (the  three 
‘sleep’  frequencies)  decreased  as  the  participant  awakened  and  maintained 
wakefulness.  Beta  activity  tended  to  increase  gradually  and  linearly  across  the 
transition  time,  whereas  alpha  first  increased  and  then  decreased  to  levels  similar  or 
below  those  seen  in  sleep.  The  EEG  changes  occurred  more  slowly  during  sleep  offset 
than  during  sleep  onset. 

A  further  argument  for  including  EEG  spectral  power  analysis  comes  from  the  study 
of  Smith  et  al.  (3 1).  The  authors  demonstrated  that  combining  EEG  spectral 
characteristics  with  the  performance  measures  resulted  in  a  monotonic  increase  in 
discriminability  from  baseline.  In  other  words,  using  analysis  of  performance 
measures  alone,  69  %  data  samples  could  be  accurately  discriminated  from  the 
baseline  measure.  In  the  combined  analysis,  94%  of  the  data  samples  could  be 
accurately  discriminated  from  baseline. 
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EEG  data  collected  in  the  present  study  will  be  visually  scored  for  artefact  and  the 
power  spectrum  of  clean  epochs  calculated  using  a  purpose-built  Matlab^^^  program. 


30  secs 


end  of  nap 


) 

X _ i. 


4  mins 


^  4  mins 


^  90  secs 


3  mins 


KSS  2-Back  task  EEG  KSS  2-Back  task  EEG  rest  break 

Figure  2.  Schematic  representation  of  two  test  batteries  followed  by  a  3-mlnute  rest  break. 


Psychomotor  Vigilance  Task  (PVT) 

Changes  in  alertness  and  performance  across  the  protocol  were  also  assessed  using  the 
Psychomotor  Vigilance  Task  (PVT)  (42).  The  PVT  is  widely  used  in  studies  of 
fatigue,  sleep  deprivation,  and  performance  and  has  been  shown  to  be  sensitive  to 
changes  in  alertness  associated  with  circadian  phase  (8,  43). 

The  test  requires  individuals  to  respond  as  rapidly  as  possible  to  the  presentation  of 
numerals  on  a  4  digit  EED  numeric  display.  It  is  a  “simple”  reaction  time  test,  in  that 
it  does  not  involve  a  choice  between  responses  but  does  provide  feedback  on 
performance  via  the  numerals  on  the  EED  display.  The  test  length  was  set  at  1 0 
minutes,  inter-stimulus  periods  were  able  to  range  between  a  minimum  of  2000 
milliseconds  and  a  maximum  of  10000  milliseconds,  and  a  lapse  was  categorised  as 
any  response  longer  than  500  ms  (which  is  twice  that  of  the  mean  response  time). 
These  values  are  the  standard  test  parameters  used  in  the  validated  version  of  the  PVT 
(44). 

The  test  was  initialised  so  that  only  the  button  associated  with  the  individuals 
dominant  hand  was  activated  for  responding.  Each  subject  completed  a  1  minute  trial 
of  the  PVT  prior  to  the  study.  The  PVT  shows  no  practice  effects  (45),  therefore  a 
brief  trial  of  the  test  was  sufficient  to  familiarise  subjects  with  the  structure  of  the  test 
before  data  collection  began.  Due  to  the  length  of  the  test,  the  PVT  was  only 
completed  during  test  batteries  prior  to  the  nap  and  those  occurring  from  0300  hours 
onwards. 
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Figure  3.  Protocol  timetable 
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Results 


The  following  results  are  provisional  and  are  derived  from  7  participants  who 
completed  the  first  3  data  collections  runs.  Data  presented  here  include  nap  sleep 
recordings,  ratings  of  subjective  sleepiness,  and  short-term  memory  performance. 
Analysis  of  the  90-second  EEG  recordings,  psychomotor  performance  and  sleep 
during  the  first  night  of  the  protocol  will  be  included  in  the  final  report.  The  statistical 
analyses  detailed  here  are  intended  to  provide  an  example  of  the  type  of  analyses  that 
will  be  conducted  on  the  final  dataset.  Because  of  the  small  dataset  used  for  the  final 
report  these  multivariate  analyses  may  not  be  reliable. 

Participants 

Across  the  first  3  runs  of  the  study  22  individuals  enquired  about  participating  in  the 
study  and  2 1  completed  the  initial  screening  questionnaire.  Eleven  individuals  met  the 
screening  questionnaire  criteria  and  passed  the  medical  examination.  Of  these,  9  were 
involved  in  the  first  3  runs  of  the  study.  However,  only  7  participants  (mean  age=27, 
range=20-35)  completed  all  4  study  weekends.  Two  participants  withdrew  from  the 
second  mn  for  reasons  beyond  the  control  of  the  researchers  (changed  work 
commitments  and  personal  circumstances). 

Table  1  details  the  number  of  participants  completing  each  study  condition  on  the 
first,  second,  third  or  fourth  study  weekend.  Due  to  the  small  number  of  participants 
in  the  first  3  runs,  the  number  completing  each  condition  on  each  weekend  are  not 
balanced  and  therefore  the  results  presented  here  may  be  influenced  by  the  order  in 
which  conditions  were  completed.  In  the  final  dataset  the  order  in  which  study 
conditions  were  completed  will  be  balanced. 

Table  1.  Number  of  partlelpants  eompletlng  eaeh  study  eoudltiou  by  weekeud 


Condition 

1*‘  weekend 

2"'’  weekend 

3'^'’  weekend 

4*''  weekend 

No  nap 

3 

- 

3 

1 

20-minute  nap 

1 

3 

3 

- 

40-minute  nap 

3 

1 

- 

3 

60-minute  nap 

- 

3 

1 

3 

The  order  in  which  each  run  completed  the  4  study  conditions  was  as  follows: 
•  Run  1 :  no  nap,  60-minute  nap,  20-minute  nap,  40-minute  nap. 
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•  Run  2:  20-minute  nap,  40-minute  nap,  60-minute  nap,  no  nap. 

•  Run  3:  40-minute  nap,  20-minute  nap,  no  nap,  60-minute  nap. 

Nap  Sleep 

Final  scoring  of  the  nap  sleep  is  presently  underway,  with  the  following  noted 
regarding  sleep  duration  and  structure.  All  participants  slept  during  all  of  the  nap 
opportunities  provided  and  latency  to  the  first  60-seconds  of  sleep  is,  for  the  large 
majority,  very  short.  Of  the  nap  recordings  that  have  been  scored  all  participants, 
except  one,  had  sleep  latencies  of  less  than  5  minutes.  The  remaining  participant  took 
6.5  minutes  to  fall  asleep.  Participants  remained  asleep  for  the  duration  of  the  nap, 
with  wake  time  during  the  sleep  period  being  less  than  1  -minute,  with  one  exception 
(wake  time  of  3.5  minutes). 

All  of  the  20-minute  naps  have  been  scored  for  the  first  7  participants.  Total  sleep 
time  (TST)  during  this  nap  ranged  between  14.5  and  19.5  minutes  and  sleep  was 
largely  non-rapid  eye  movement  sleep  (NREM)  stages  1  and  2  (SI  and  S2).  A  small 
amount  of  slow  wave  sleep  (SWS)  was  noted  in  4  of  the  7  participants  (2  minutes  or 
less).  No  rapid  eye  movement  sleep  (REM)  was  seen  in  any  of  the  20-minute  nap 
opportunities. 

During  the  40-minute  nap,  TST  was  35  minutes  or  greater  (for  the  4  recordings  scored 
to  date).  Compared  to  the  20-minute  nap,  greater  amounts  of  SWS  were  seen  (1-18 
minutes)  and  for  one  participant  a  small  amount  of  REM  sleep  occurred  (2  minutes). 

Total  sleep  time  during  the  60-minute  nap  ranged  between  53  and  59.5  minutes  (for 
the  3  recordings  scored  to  date).  In  contrast  to  the  40-minute  nap,  more  SWS  and 
REM  sleep  was  scored. 

Subjective  Sleepiness  (KaroUnska  Sleepiness  Scale) 

Missing  Data 

One  data  point  out  of  756  was  missing.  This  was  a  single  rating  from  1  participant 
during  test  session  17  on  the  no  nap  weekend. 
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Raw  Data 

Mean  ratings  of  subjective  sleepiness,  as  measured  by  the  KSS,  across  each  study 
condition  are  plotted  in  Figure  4'.  Each  graph  displays  circadian  variability  in 
subjective  sleepiness,  with  a  decline  in  sleepiness  across  the  daytime  (test  battery  1-4, 
0600-1600),  generally  followed  by  increasing  sleepiness  across  the  late  afternoon  and 
night.  Ratings  of  subjective  sleepiness  appear  to  be  lower  and  remain  at  a  stable  level 
following  a  60-minute  nap  (test  battery  8  onwards),  compared  to  all  other  conditions. 
Subjective  sleepiness  is  high  following  a  40-minute  nap,  but  like  the  60-minute  nap 
sleepiness  remains  stable  across  the  remainder  of  protocol,  while  the  20  minute  nap 
appears  to  have  less  effect  on  subjective  sleepiness  (i.e.  sleepiness  increases  in  a 
similar  manner  to  that  seen  in  the  no  nap  condition). 


'  Data  at  each  test  time  were  not  always  normally  distributed 
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No  Nap  Condition 


40-minute  Nap  Condition 


Test  Battery  Number 


Test  Battery  Number 


20-minute  Nap  Condition 


Test  Battery  Number 


60-minute  Nap  Condition 


Test  Battery  Number 


Figure  4.  Mean  ratings  of  subjective  sleepiness  across  the  study  protocol 


Differences  from  No  Nap  Condition 

To  remove  the  circadian  variation  in  subjective  sleepiness,  at  each  test  time  point  the 
difference  between  sleepiness  when  a  nap  was  provided  and  when  no  nap  was 
provided  was  calculated.  These  differences  are  plotted  in  Figure  5. 

Results  indicate  that  immediately  following  a  20-minute  nap,  participants  feel  less 
sleepy  compared  to  when  no  nap  was  provided,  but  that  this  effect  decreases 
somewhat  over  time.  Following  both  a  40-minute  and  60-minute  nap,  participants 
initially  rate  themselves  as  sleepier  than  when  no  nap  was  provided.  This  effect 
appears  to  be  greater  and  last  for  longer  following  the  40-minute  nap.  At  around 
3:30am  following  a  40-minute  nap,  ratings  of  sleepiness  improve  relative  to  the  no 
nap  condition  and  participants  remain  less  sleepy  than  when  no  nap  was  provided. 
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The  effect  is  similar  following  a  60-minute  nap,  but  participants  feel  less  sleepy 
compared  to  the  no  nap  earlier  (around  2:30am)  and  this  continues  until  the  end  of  the 
test  session  (Sam). 


40-minute  Nap  Condition 


Figure  5.  Differences  in  subjective  sleepiness  between  nap  and  no  nap  conditions 

Differences  at  Each  Test  Time 

Mixed  model  ANCOVAs  were  conducted  to  determine  if  sleepiness  ratings  varied 
according  to  nap  duration  at  each  test  time.  As  plotted  in  Figure  5  above,  the 
dependent  variable  was  the  difference  in  sleepiness  ratings  between  the  nap  and  no 
nap  condition  at  each  test  session,  and  independent  variables  included  nap  duration 
(20,  40,  60  minute  nap)  and  the  order  in  which  study  conditions  were  completed  (1®*, 
2“^  3''^or  4*). 
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The  duration  of  the  nap  significantly  affected  sleepiness  ratings  only  at  2200  (test  6), 
prior  to  a  nap  being  taken.  At  this  time  and  all  other  test  times  prior  to  the  nap,  model 
estimates  indicated  that  sleepiness  tended  to  be  lower  in  the  20-minute  and  60-minute 
nap  condition  compared  to  the  no  nap  condition,  and  higher  in  the  40-minute  nap 
condition  compared  to  the  no  nap  condition.  Sleepiness  was  consistently  lowest  in  the 
20-minute  nap  condition  compared  to  the  40-minute  and  60-minute  nap,  and 
consistently  highest  in  40-minute  nap  condition. 

Following  the  nap,  model  estimates  indicated  that  sleepiness  in  the  20-minute  nap 
condition  was  consistently  lower  than  in  the  no  nap  condition,  other  than  at 
approximately  0437  (test  23).  In  the  40-minute  nap  condition  sleepiness  was  greater 
than  when  no  nap  was  taken,  except  at  0245  (test  14)  and  from  0400  onwards  (test  20- 
27).  In  the  60-minute  nap  condition  sleepiness  was  only  greater  than  when  no  nap  was 
taken  at  0200  (test  8).  At  all  other  test  times  sleepiness  was  lower. 

Between  0200  and  0300  sleepiness  was  lower  following  a  20-minute  nap  compared  to 
a  60-minute  nap,  and  highest  following  the  40-minute  nap.  From  0300  onwards 
sleepiness  was  lower  following  the  60-minute  nap  compared  to  the  20-minute  nap. 
Only  at  0437  and  0500  (test  23  and  24)  was  sleepiness  lower  after  a  40-minute  nap 
compared  to  the  20-minute  nap. 

It  must  be  reiterated  that  none  of  these  results  (other  than  those  for  test  6)  were 
statistically  significant. 

Working  Memory  Performance 
Missing  Data 

One  participant  consistently  completed  the  task  by  using  a  single  key  to  respond  to  all 
events.  As  a  consequence,  his  data  has  been  excluded  from  all  analyses  and  results  are 
reported  for  the  remaining  6  participants.  During  the  20-minute  nap  condition, 
technical  issues  resulted  in  missing  data  for  3  tests  (test  time  1,  2  and  3)  for  1 
participant. 

Practice  Effects 

Data  for  each  participant  across  all  148  n-back  tests  completed  during  both  the  40 
practice  sessions  and  on  each  consecutive  weekend  were  plotted  (see  Figure  6)  to 
determine  when  performance  plateaued.  For  4  of  the  6  participants,  the  plots  indicate 
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that  performance  plateaus  at  or  before  the  40  practice  tests  are  completed.  One 
individual’s  performance  improves  considerably  after  the  practice  sessions  are 
complete,  while  another’s  performance  declines.  For  both  these  individuals  their 
performance  then  appears  to  stabilise  at  the  new  level.  For  some  individuals  circadian 
variability  in  performance  is  apparent  and  for  4  of  the  6  participants,  performance 
appears  to  decline  from  one  weekend  to  the  next  (regardless  of  the  study  condition). 
This  decline  across  consecutive  weekends  suggests  a  need  to  control  for  the  order  in 
which  study  conditions  were  completed. 
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Consecutive  Test  Number 


Figure  6.  Mean  reaction  time  (CM+CN)  for  all  consecutive  N-back  tests  completed  by  each 
participant. 

Raw  Data 

Means  of  the  total  number  of  correct  matches  and  non-matches,  mean  reaction  time 
(correct  matches  plus  correct  non-matches),  and  mean  number  of  omissions  for  each 
study  condition  are  plotted  in  Figure  7^.  Circadian  variability  in  performance  is 
apparent  in  the  no  nap  condition  for  each  performance  variable.  Performance 
following  the  20-minute  nap  is  relatively  stable  in  comparison  to  all  other  conditions, 
while  immediately  post  the  40-minute  and  60-minute  nap,  mean  reaction  performance 
is  poor  compared  to  when  no  nap  is  taken,  then  improves  across  the  remainder  of  the 
protocol. 

On  one  occasion  a  participant  made  no  correct  matches  or  correct  non-matches.  In  this 
instance  mean  reaction  time  could  not  be  calculated.  On  another  19  occasions  less 
than  5  correct  matches  or  correct  non-matches  were  made  but  mean  reaction  time  was 
still  calculated.  When  large  numbers  of  incorrect  matches  are  made  and  mean  reaction 
time  is  calculated  across  only  a  small  number  of  correct  matches  or  correct  non¬ 
matches,  the  resulting  reaction  time,  when  viewed  in  isolation,  gives  a  potentially 
biased  view  of  a  participant’s  performance  (i.e.  that  is  their  performance  is  better  than 
what  it  actually  is). 

Differences  From  No  Nap  Condition 

As  was  calculated  for  subjective  sleepiness,  the  difference  between  performance  when 
a  nap  was  provided  and  performance  when  no  nap  was  provided  was  determined  at 

^  Data  at  each  test  time  were  not  always  normally  distributed 
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each  test  time  to  remove  circadian  effects.  The  differences  for  the  total  number  of 
correct  matches  and  non-matches,  reaction  time  (correct  matches  plus  correct  non¬ 
matches),  and  number  of  omissions  are  plotted  in  Figure  8. 

As  can  be  seen  in  Figure  8,  for  all  variables  and  all  nap  durations,  performance 
immediately  after  waking  from  a  nap  (test  battery  8)  is  poorer  compared  to  when  no 
nap  is  taken.  Following  a  20-minute  nap,  performance  from  test  battery  9  onwards 
seems  to  improve  and  be  better  than,  or  similar  to,  performance  when  no  nap  is  taken. 
Performance  from  test  battery  9  following  a  40-minute  nap  is  similar  to  that  when  no 
nap  is  taken,  except  that  reaction  time  performance  remains  slower  than  during  the  no 
nap  condition.  Reaction  time  performance  following  a  60-minute  nap  appears  to  be 
slower  than  when  no  nap  is  taken  for  approximately  the  first  hour  and  then  improve 
relative  to  the  no  nap  condition.  In  contrast,  the  total  number  of  correct  matches  and 
correct  non-matches  and  number  of  omissions  from  test  battery  9  following  a  60- 
minute  nap  is  similar  to  that  when  no  nap  is  taken. 
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Discussion 


The  intention  of  this  final  report  is  to  provide  a  summary  of  the  processes  used  during 
the  first  3  runs  of  the  study  and  an  overview  of  the  data  collected.  Overall,  the  study 
has  progressed  as  planned.  The  recruitment  and  screening  of  participants  and  the 
collection  of  data  has  been  the  focus  of  the  research  team  to  date. 

Participant  Recruitment  and  Retention 

Six  of  the  22  individuals  who  enquired  about  the  study  were  screened  out  by  the 
questionnaire  or  did  not  meet  the  medical  requirements  (due  to  the  medication  they 
were  taking),  indicating  the  importance  of  the  screening  process  in  selecting 
individuals  suitable  for  involvement  in  the  study.  Seven  further  individuals  decided  at 
some  point  during  the  screening  process  not  to  continue  their  involvement.  Thus,  41% 
of  individuals  who  initially  indicated  an  interest  in  participating  in  the  study  were 
assigned  to  1  of  the  first  3  mns.  Of  these,  78%  completed  all  4  weekends  of  data 
collection.  Although  the  loss  of  2  participants  was  for  reasons  unrelated  to  the  study, 
the  protocol  is  lengthy  and  complex  and  requires  a  great  deal  of  commitment  from 
participants.  All  attempts  were  made  to  ensure  individuals  were  well  informed  about 
the  study  requirements  and  this  level  of  attrition  was  not  unexpected. 

Nap  Sleep 

The  structure  of  the  nap  sleep  was  as  expected,  with  the  short  latencies  to  sleep,  small 
amount  of  wake,  and  relatively  large  amount  of  SWS  in  the  longer  naps,  suggesting 
participants  had  a  high  sleep  drive  and  thus  as  the  study  design  intended,  maximising 
the  likelihood  of  sleep  inertia  occurring.  The  increasing  amount  of  SWS  seen  in  the 
longer  naps  was  as  predicted  and  will  allow  us,  in  our  final  dataset,  to  investigate 
whether  the  duration  of  SWS  or  waking  from  SWS  influences  the  occurrence  of  sleep 
inertia  (after  controlling  for  the  duration  of  the  nap).  Also  as  anticipated,  compared  to 
sleep  we  have  previously  recorded  in  work  settings  (46)  sleep  efficiency  during  the 
nap  opportunities  was  high.  This  will  mean  that  our  results  will  tend  to  be 
conservative,  and  possibly  overestimate  the  effects  of  sleep  inertia,  compared  to  that 
occurring  in  operational  settings  (with  the  same  duration  of  prior  wake  and  napping  at 
the  same  circadian  phase). 
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Sleep  Inertia  Effects 

Subjective  sleepiness  ratings  collected  to  date  suggest  that  both  the  40-niinute  and  60- 
minute  naps  produce  a  sleep  inertia  effect,  while  performance  data  indicates  that  all 
naps  may  result  in  some  degree  of  sleep  inertia. 

From  the  plots  of  data,  sleep  inertia  appears  to  be  more  pronounced  and  last  for  longer 
following  a  40-minute  nap  compared  to  the  60-minue  nap.  However,  the  small  data 
set  and  possible  confound  of  the  order  in  which  study  conditions  were  completed  may 
have  contributed  to  this  apparent  relationship.  This  will  be  reexamined  in  the  full  data 
set. 

It  certainly  appears,  from  the  two  measures  considered  in  this  report,  that  these  facets 
of  mood  and  functioning  are  sensitive  enough  to  detect  sleep  inertia  effects.  We 
therefore  predict  that  sleep  inertia  will  also  be  measurable  in  the  EEG  data.  It  is  also 
our  intention  to  combine  EEG  indices  with  performance  metrics,  as  it  has  been 
previously  indicated  that  this  can  result  in  greater  discriminability  from  baseline^. 

Effect  of  Nap  Duration 

The  preliminary  results  also  indicate  that  the  duration  of  the  nap  has  an  effect  on 
subjective  perceptions  of  sleepiness  subsequent  to  any  sleep  inertia  effects  dissipating. 
Both  the  40-minute  and  60-minute  nap  results  in  lower  ratings  of  sleepiness  towards 
the  end  of  the  protocol  (across  the  early  hours  of  the  morning),  with  this  effect 
appearing  earlier  and  being  stronger  following  a  60-minute  nap.  In  contrast,  decreased 
sleepiness  following  a  20-minute  nap  seems  to  be  immediate  but  the  effects  are  not 
maintained  across  the  remainder  of  the  protocol. 

The  positive  benefits  of  the  nap  for  working  memory  performance  are,  at  this  stage, 
much  less  apparent  in  the  preliminary  data.  As  with  subjective  sleepiness,  the  benefits 
of  the  20-minute  nap  seem  to  be  almost  immediate  but  are  not  maintained  across  the 
remainder  of  the  testing.  There  may  be  an  improvement  in  performance  following  a 
60-minute  nap,  but  these  effects  are  not  obvious  until  late  in  the  protocol.  The  40- 
minute  nap  does  not  appear  to  have  any  observable  benefit  for  performance.  However, 
performance  was  highly  variable  between  individuals  and  due  to  this  variability  and 

^  Smith  et  al.  (31)  demonstrated  that  combining  EEG  spectral  characteristics  with  the  performance 
measures  resulted  in  a  monotonic  increase  in  discriminability  from  baseline.  In  other  words,  using 
analysis  of  performance  measures  alone,  69  %  data  samples  could  be  accurately  discriminated  from  the 
baseline  measure.  In  the  combined  analysis,  94%  of  the  data  samples  could  be  accurately  discriminated 
from  baseline. 
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small  data  set,  mixed  model  analyses  controlling  for  factors  such  as  the  order  of  study 
conditions,  have  been  postponed  until  the  full  data  set  is  available. 

Present  and  On-going  Work 

Data  collection  will  be  complete  by  the  2“'^  June  2007  and  at  that  stage  we  hope  to 
have  complete  data  from  12  participants.  Alongside  the  data  collection  process  we 
have  been  working  with  a  Biomedical  Engineer  to  develop  software  to  use  for  the 
analysis  of  the  90-second  waking  EEG  recordings.  This  has  been  a  lengthy  process  as 
we  have  carefully  revisited  the  way  in  which  we  process  this  type  of  data.  In  previous 
research  (47,  48)  we  employed  a  purpose  built  EabVIEW  programme  to  manually 
remove  all  artefact  from  EEG  data  prior  to  undertaking  spectral  analysis.  This  process 
is  very  time  consuming  and  results  in  the  loss  of  a  large  amount  of  data.  More 
recently,  sophisticated  digital  signal  processing  techniques  have  become  more  widely 
available  and  accepted  for  artefact  detection  and  removal.  Our  new  software,  based  in 
Matlab,  uses  Independent  Component  Analysis  (ICA)  to  remove  eye  movement  and 
muscle  artefact.  Identifying  and  removing  artefact  by  this  method  is  faster  and  allows 
a  much  greater  amount  of  EEG  data  to  remain  and  be  used  for  subsequent  spectral 
analysis.  The  software  development  is  complete  and  we  will  now  begin  the  analysis  of 
the  90-second  recordings. 

Additional  future  work  includes  scoring  all  remaining  sleep  recordings,  from  both  the 
first  night  of  the  protocol  and  the  nap  opportunities,  by  two  experienced  sleep 
researchers.  Final  databases  will  then  be  prepared  for  all  sleep,  subjective  sleepiness, 
performance,  and  EEG  variables.  It  is  our  intention,  as  demonstrated  in  this  final 
report,  to  use  mixed  model  methods  for  statistical  analyses.  However,  rather  than 
linear  models,  as  used  in  the  present  report,  it  is  likely  that  non-linear  methods  will  be 
employed.  This  will  enable  analysis  of  changes  across  the  course  of  the  protocol,  in 
addition  to  the  comparisons  illustrated  here  between  protocols  for  each  test  session. 

In  summary,  data  collection  has  proceeded  as  planned,  scoring  of  nap  sleep  and 
waking  EEG  data  are  in  progress,  and  we  expect  to  complete  the  project  on  time  by 
31®*  October. 
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Appendix  A:  Participant  Screening 


Individuals  willing  to  partake  in  the  study  were  screened  to  determine  whether  they 
meet  the  selection  criteria.  The  screening  process  consisted  of  3  components: 
completing  a  screening  questionnaire  and  meeting  certain  criteria  on  a  number  of 
standard  scales;  completing  and  passing  a  medical  examination;  and  completing  and 
passing  a  urine  drug  test  prior  to  each  weekend  protocol. 

Screening  Questionnaire 

The  screening  questionnaire,  used  in  previous  studies  (49,  50)  conducted  at  the 
Sleep/Wake  Research  Centre,  was  comprised  of  the  following: 

General  Health  Items 

A  questionnaire  adapted  from  that  used  previously  by  Roach  (51)  includes  questions 
about  physical  and  mental  health,  smoking,  alcohol  consumption,  overseas  travel, 
level  of  stress,  and  napping.  Additional  health-related  questions  were  also  included 
from  a  New  Zealand  nationwide  survey  of  Insomnia  (52). 

The  Epworth  Sleepiness  Scale  (ESS)(53)  was  included,  which  is  a  validated  sleep 
questionnaire  measuring  daytime  sleepiness  by  means  of  assessing  the  likelihood  of 
falling  asleep  in  8  situations  commonly  encountered  in  daily  life,  namely:  sitting  and 
reading;  watching  television;  sitting  inactive  in  a  public  place;  as  a  passenger  in  a  car 
for  an  hour  without  a  break;  lying  down  in  the  afternoon  when  circumstances  permit; 
sitting  and  talking  to  someone;  sitting  quietly  after  lunch  without  alcohol;  and  in  a  car 
while  stopped  for  a  few  minutes  in  traffic.  Possible  scores  range  from  0  (no  chance  of 
dozing  in  any  of  the  eight  situations)  to  24  (high  chance  of  dozing  in  all  eight 
situations).  An  ESS  score  greater  than  10  indicates  excessive  daytime  sleepiness. 

Pittsburgh  Sleep  Quality  Index  (54) 

This  questionnaire  assesses  a  person’s  sleep  quality  and  disturbances  during  the  past 
month.  Nineteen  individual  items  generate  7  component  scores:  subjective  sleep 
quality,  sleep  latency,  sleep  duration,  habitual  sleep  efficiency,  sleep  disturbances,  use 
of  sleeping  medication  and  daytime  dysfunction.  The  sum  of  these  component  scores 
yields  one  global  score.  Those  with  a  global  score  equal  to  or  less  than  5  are 
considered  normal  sleepers. 
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Depression-Anxiety-Stress  Scales  (PASS)  (55) 

This  questionnaire  measures  a  person’s  negative  emotional  states  of  depression, 
anxiety  and  stress  over  the  past  week.  The  half-length,  21 -item,  version  (DASS21) 
was  used  in  the  present  study,  which  contains  7  items  for  each  scale. 

Horne-Ostberg  Morningness-Eveningness  Questionnaire  (56) 

This  questionnaire  assesses  a  person’s  circadian  type,  by  asking  questions  on 
preferential  sleep  timing  and  activities.  The  majority  of  questions  are  4-choice  items, 
which  correspond  to  a  definite  morning  type,  moderate  morning  type,  moderate 
evening  type  and  definite  evening  type.  Minor  language  modifications  were  made  to 
suit  the  New  Zealand  population.  The  original  MEQ  scores  (Definite  Morning  type: 
70-86;  Moderately  Morning  type:  59-69;  Neither  type:  42-58;  Moderately  Evening 
type:  31-41;  Definite  Evening  type:  16-30)  were  used  in  the  present  study,  as  the 
participants’  age  range  most  closely  resemble  that  of  the  student  population  used  in 
the  Horne-Ostberg  Morningness-Eveningness  Questionnaire  validation  study. 

Medical  Examination 

Where  answers  to  any  questionnaire  item  suggested  a  health  problem,  the  physician 
discussed  this  issue  during  the  medical  examination  and  decided  whether  the 
participant  was  suitable  for  inclusion  in  the  study. 

The  medical  examination  was  guided  by  a  medical  checklist,  the  purpose  of  which 
was  to  confirm  the  participant’s  self  reported  health  status  as  indicated  in  the  General 
Health  Questionnaire  and  on  the  DASS,  as  well  as  ruling  out  any  medical  conditions 
that  might  be  aggravated  by  participation  in  the  study.  The  medical  checklist  was  a 
modified  version  of  one  typically  used  by  the  local  hospital.  A  ‘Consent  to  Release 
Information’  form  was  been  included  in  the  event  that  the  physician  detected  a 
condition  which  required  follow-up  by  the  participant’s  General  Practitioner  or  other 
health  professional. 

The  physician  carrying  out  the  medical  examination  indicated  on  a  Medical  Results 
sheet  whether  or  not  the  participant  had  any  medical  conditions,  or  was  taking  any 
medications  that  may  affect  his  sleep  and/or  the  study  outcomes.  Uncertain  cases  were 
discussed  with  the  research  team. 
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Urine  Drug  Screen  Test 

Samples  for  urine  drug  testing  were  collected  at  the  start  of  each  of  the  weekend 
protocols.  This  test  is  required  to  rule  out  recent  use  of  cannabis,  amphetamines, 
benzodiazepines,  opiates  (including  codeine,  which  is  present  in  a  number  of  cold  and 
flu  medications  that  are  sold  over  the  counter)  and/or  herbal  party  drugs  (piperazines) 
that  could  affect  the  participant’s  level  of  alertness.  All  samples  were  analysed  by  the 
Institute  of  Environmental  Science  and  Research  Ltd  (ESR),  Porirua. 


30 


Time  course  and  magnitude  of  sleep  inertia 


Final  data  only 


References 


1.  Ferrara  M,  De  Gennaro  L.  The  sleep  inertia  phenomenon  during  the  Sleep- 
Wake  Transition:  theoretical  and  operational  issues.  Aviation,  Space  and 
Environmental  Medicine.  2000;7 1(8):  843-8. 

2.  Dinges  D,  Orne  M,  Orne  E.  Assessing  performance  upon  abrupt  awakening 
from  naps  during  quasi-continuous  operations.  Behavior  Research  Methods, 
Instruments  &  Computers.  1985;17(l):37-45. 

3.  Ribak  J,  Ashkenzai  IE,  Klepfish  A,  Avgar  D,  Tall  J,  Kallnar  B,  et  al.  Diurnal 
rhythmicity  and  Air  Force  flight  accidents  due  to  pilot  error.  Aviation  Space  & 
Environmental  Medicine.  1983;54:1096-9. 

4.  Achermann  P,  Borbely  A.  Combining  different  models  of  sleep  regulation. 
Journal  of  Sleep  Research.  1992;1:144-7. 

5.  Hursh  S.  Modeling  Sleep  and  Performance  within  the  Integrated  Unit 
Simulation  System  (lUSS).  Natick,  Massachusetts:  United  States  Army  Soldier 
Systems  Command;  Natick  Research,  Development  and  Engineering  Centre.;  1998. 

6.  Folkard  S,  Akerstedt  T,  Macdonald  I,  Tucker  P,  Spencer  M.  Beyond  the 
Three-process  model  of  Alertness:  Estimating  phase,  time  on  shift,  and  successive 
night  effects.  Journal  of  Biological  Rhythms.  1999;14(6):577-87. 

7.  Jewett  ME,  Kronauer  RE.  Interactive  mathematical  models  of  subjective 
alertness  and  cognitive  throughput  in  humans.  Journal  of  Biological  Rhythms. 
1999;14(6):588-97. 

8.  Wyatt  J,  Dijk  D-J,  Ronda  JM,  Jewett  M,  Powell  J,  Dinges  D,  et  al.  Interaction 
of  circadian  and  sleep/wake  homeostatic-processes  modulate  psychomotor  vigilance 
test  (PVT)  performance.  Sleep  Research.  1997;26:759. 

9.  Czeisler  C,  Dijk  D-J,  Duffy  JF.  Entrained  phase  of  the  circadian  pacemaker 
serves  to  stabilize  alertness  and  performance  throughout  the  habitual  waking  day.  In: 
Ogilvie  R,  Harsh  JR,  editors.  Sleep  Onset:  Normal  and  Abnormal  Processes. 
Washington,  DC:  American  Psychological  Association;  1994. 

10.  Dijk  D-J,  Duffy  JF,  Czeisler  C.  Circadian  and  Sleep/Wake  dependent  aspects 
of  subjective  alertness  and  cognitive  performance.  Journal  of  Sleep  Research. 
1992;1:112-7. 

11.  Jewett  M,  Wyatt  J,  Ritz-De  Cecco  A,  Khalsa  S,  Dijk  D-J,  Czeisler  C.  Time 
course  of  sleep  inertia  dissipation  in  human  performance  and  alertness.  Journal  of 
Sleep  Research.  1999;8:1-8. 

12.  Dinges  D,  Orne  E,  Evans  F,  Ome  M.  Performance  after  naps  in  sleep- 
conducive  and  alerting  environments.  In:  Johnson  E,  editor.  Biological  Rhythms, 
sleep  and  shiftwork:  Advances  in  sleep  research.  New  York:  Spectrum;  1981.  p.  539- 
52. 

13.  Wilkinson  RT,  Stretton  M.  Performance  after  awakening  at  different  times  of 
the  night.  Psychonomic  Science.  1971;23:283-5. 

14.  Dinges  D.  Are  you  Awake?  Cognitive  performance  and  reverie  during 
hypnopompic  state.  In:  Bootzin  R,  Kihlstrom  J,  Schacter  D,  editors.  Sleep  and 
Cognition.  Washington,  DC:  American  Psychological  Association;  1990.  p.  159-75. 

15.  Webb  W,  Agnew  H.  Reaction  time  and  serial  response  efficiency  on  arousal 
from  sleep.  Perceptual  and  Motor  Skills.  1964;18:783-4. 


31 


Time  course  and  magnitude  of  sleep  inertia 


Final  data  only 


16.  Achermann  P,  Werth  E,  Dijk  D-J,  Borbely  A.  Time-course  of  sleep  inertia 
after  nighttime  and  daytime  sleep  episodes.  Archives  Italiennes  de  Biologic. 
1995;134(109-119). 

17.  Binges  D,  Orne  M,  Ome  E.  Sleep  debt  and  other  factors  associated  with 
performance  upon  abmpt  awakening.  Sleep  Research.  1985;14:92. 

18.  Jewett  M,  Dijk  D-J,  Kronauer  R,  Binges  D.  Dose-response  relationship 
between  sleep  duration  and  human  psychomotor  vigilance  and  subjective  alertness. 
Sleep.  1999;22(2):171-9. 

19.  Salame  P,  Otzenberger  H,  Ehrhart  J,  Dewasmes  G,  Nicolas  A,  Tassi  P,  et  al. 
Effects  of  sleep  inertia  on  cognitive  performance  following  a  1-hour  nap.  Work  & 
Stress.  1995;9(4):528-39. 

20.  Naitoh  P,  Kelly  T,  Babkoff  H.  Sleep  Inertia:  best  time  not  to  wake  up? 
Chronobiology  International.  1993;10(2):109-18. 

21.  Naitoh  P.  Circadian  cycles  and  restorative  power  of  Naps.  In:  Johnson  E, 
editor.  Biological  rhytms,  sleep  and  shift  work.  New  York:  Spectrum;  1981.  p.  553- 
80. 

22.  Kushida  C,  Chang  A,  Gadkary  C,  Guilleminault  C,  Carrillo  O,  Dement  W. 
Comparison  of  actigraphic,  polysomnographic,  and  subjective  assessment  of  sleep 
parameters  in  sleep  disordered  patients.  Sleep  Medicine.  2001;2(5):389-96. 

23.  Sadeh  A,  Hauri  P,  Kripke  D,  Eavie  P.  The  role  of  actigraphy  in  the  evaluation 
of  sleep  disorders.  Sleep.  1995;18(4):288-302. 

24.  Gander  P,  Barnes  R,  Gregory  K,  Graeber  R,  Connell  E,  Rosekind  M.  Flight 
crew  fatigue  111:  North  Sea  Helicopter  Air  Transport  Operations.  Aviation,  Space  and 
Environmental  Medicine.  1998;69(9,  section  11):B16-B25. 

25.  Gander  P,  Gregory  K,  Connell  E,  Graeber  R,  Miller  D,  Rosekind  M.  Flight 
crew  fatigue  IV:  Overnight  Cargo  Operations.  Aviation,  Space  and  Environmental 
Medicine.  1998;69(9,  section  11):B26-B36. 

26.  Gander  P,  Gregory  K,  Graeber  R,  Connell  L,  Miller  D,  Rosekind  M.  Flight 
crew  fatigue  11:  Short-haul  Fixed-Wing  Air  Transport  Operations.  Aviation,  Space 
and  Environmental  Medicine.  1998;69(9,  section  11):B8-B15. 

27.  Gander  P,  Gregory  K,  Miller  D,  Graeber  R,  Connell  E,  Rosekind  M.  Flight 
crew  fatigue  V:  Eong-Haul  Air  Transport  Operations.  Aviation,  Space  and 
Environmental  Medicine.  1998;69(9,  section  11):B37-B48. 

28.  Signal  TE.  Scheduled  Napping  on  the  Night  Shift:  consequences  for  the 
performance  and  Neurophysiological  Alertness  of  Air  Traffic  Controllers. 
Wellington:  University  of  Otago;  2002. 

29.  Akerstedt  T,  Gillberg  M.  Subjective  and  Objective  Sleepiness  in  the  Active 
Individual.  Intern  Journal  of  Neuroscience.  1990;52:29-37. 

30.  Gillberg  M,  Kecklund  G,  Akerstedt  T.  Relations  between  performance  and 
subjective  ratings  of  sleepiness  during  a  night  awake.  Sleep.  1994;17(3):236-41. 

3 1 .  Smith  M,  McEvoy  L,  Gevins  A.  The  impact  of  moderate  sleep  loss  on 
neurophysiologic  signals  during  working-memory  task  performance.  Sleep. 
2002;25(7):784-94. 

32.  Gevins  A,  Smith  M.  Neurophysiological  Measures  of  Working  Memory  and 
Individual  differences  in  Cognitive  Ability  and  Cognitive  Style.  Cerebral  Cortex. 
2000;10:829-39. 

33.  McElree  B.  Working  memory  and  focal  attention.  Journal  of  experimental 
Psychology:  Teaming,  Memory  and  Cognition.  2001;27(3):817-35. 

34.  Ross  P,  Segalowitz  S.  An  EEG  coherence  test  of  the  frontal  dorsal  versus 
ventral  hypothesis  in  N-back  Working  Memory.  Brain  &  Cognition.  2000;43:375-9. 


32 


Time  course  and  magnitude  of  sleep  inertia 


Final  data  only 


35.  Gevins  A,  Smith  M,  McEvoy  L,  Yu  D.  High-resolution  EEG  mapping  of 
cortical  activation  related  to  Working  Memory:  Effects  of  Task  difficulty,  type  of 
processing  and  practice.  Cerebral  Cortex.  1997;7:374-85. 

36.  McEvoy  E,  Smith  M,  Gevins  A.  Dynamic  Cortical  Networks  of  Verbal  and 
Spatial  Working  Memory:  effects  of  Memory  Eoad  and  Task  Practice.  Cerebral 
Cortex.  1998;8:1047-3211. 

37.  Muzet  A,  Nicolas  A,  Tassi  P,  Dewasmes  G,  Bonneau  A.  Implementation  of 
napping  in  industry  and  the  problem  of  sleep  inertia.  Journal  of  Sleep  Research. 
1995;4(2):67-9. 

38.  Blagrove  M,  Alexander  C,  Horne  JA.  The  effects  of  chronic  sleep  reduction 
on  the  performance  of  cognitive  tasks  sensitive  to  sleep  deprivation.  Applied 
Cognitive  Psychology.  1995;9(l):21-40. 

39.  Badia  P,  Wright  Jr.  KP,  Wauquier  A,  editors.  Fluctuations  in  Single-Hertz 
EEG  activity  during  the  transition  to  sleep.;  1994. 

40.  Santamaria  J,  Chiappa  KH.  The  EEG  of  Drowsiness  in  Normal  Adults.  Journal 
of  Clinical  Neurophysiology.  1987;4:327-82. 

41.  Pigeau  R,  Heslegrave  R,  Angus  R.  Psychophysiological  measures  of 
drowsiness  as  estimates  of  mental  fatigue  and  performance  degradation  during  sleep 
deprivation.  AGARD  Conf  Proc;  1987;  1987.  p.  21.1-.16. 

42.  Dinges  D,  Powell  J.  Microcomputer  analysis  of  performance  on  a  portable, 
simple  visual  RT  task  during  sustained  operation.  Behavior  Research  Methods, 
Instruments  &  Computers.  1985;17:652-5. 

43.  Dinges  D,  Pack  F,  Williams  K,  Gillen  K,  Powell  J,  Ott  G,  et  al.  Cumulative 
sleepiness.  Mood  disturbance,  and  psychomotor  vigilance  performance  decrements 
during  a  week  of  sleep  restricted  to  4-5  hours  per  night.  Sleep.  1997;20(4):267-77. 

44.  Powell  JW.  PVY-192  and  Analysis  Software  Reference  Manual.  Philadelphia: 
Unit  for  Experimental  Psychiatry,  University  of  Pennsylvania;  1 999. 

45.  Dinges  D,  Barone  Kribbs  N.  Performing  while  sleepy:  effects  of 
experimentally-induced  sleepiness.  In:  Monk  T,  editor.  Sleep,  Sleepiness  and 
Performance:  John  Wiley  &  Sons  Etd;  1991.  p.  97-128. 

46.  Signal  TL,  Gale  J,  Gander  PH.  The  Measurement  of  In-Flight  Sleep:  A 
Comparison  of  Actigraphic  and  Subjective  Measures  with  Polysomnography. 
Wellington:  SleepAVake  Research  Centre,  Massey  University;  2004  May  2004. 

47.  Gale  J,  Signal  TE,  Gander  P.  Statistical  artefact  in  the  validation  of  actigraphy. 
Sleep.  2005. 

48.  Gale  J,  Signal  TE,  Garden  AE,  Gander  PH.  Electroencephalography  artifacts 
in  workplace  alertness  monitoring.  Scandinavian  Journal  of  Work,  Environment  & 
Health.  2007;33:1-5. 

49.  Paine  S-J.  Sleeping  Patterns  across  the  Circadian  Cycle  [Doctoral  thesis]. 
Wellington:  Massey  University;  2007. 

50.  van  den  Berg  M.  Working  Memory  Performance  versus  Psychomotor 
Vigilance  during  a  period  of  Sleep  Deprivation.  Research  Report.  Wellington,  New 
Zealand:  Sleep/Wake  Research  Centre,  Massey  University;  2006. 

5 1 .  Roach  G.  The  Circadian  Disruption  and  Adaptation  Associated  with  Night 
Work  and  Transmeridian  Flight  [Doctor  of  Philosophy].  Adelaide:  University  of 
South  Australia;  2001. 

52.  Paine  S-J,  Gander  P,  R.  H,  Reid  P.  Prevalence  and  consequences  of  insomnia 
in  New  Zealand:  disparities  between  Maori  and  non-Maori.  Australian  and  New 
Zealand  Journal  of  Public  Health.  2005;29(1):22  -8. 


33 


Time  course  and  magnitude  of  sleep  inertia 


Final  data  only 


53.  Johns  M.  A  new  method  for  measuring  daytime  sleepiness:  the  Epworth 
Sleepiness  Scale.  Sleep.  1991;14(6):540-5. 

54.  Buysse  DJ,  Reynolds  CF,  Monk  T,  Berman  S,  Kupfer  DJ.  The  Pittsburgh 
Sleep  Quality  Index:  a  new  instrument  for  psychiatric  practice  and  research. 
Psychiatry  Research.  1989;28:193-213. 

55.  Lovibond  PF,  Fovibond  SH.  The  structure  of  negative  emotional  states: 
comparison  of  the  Depression  Anxiety  Stress  scales  (DASS)  with  the  Beck 
Depression  and  Anxiety  Inventories.  Behavioral  Research  Therapy.  1995;33(3):335- 
43. 

56.  Horne  JA,  Ostberg  O.  A  self-assessment  questionnaire  to  determine 
morningness-eveningness  in  human  circadian  rhythms.  International  Journal  Of 
Chronobiology.  1976;4:97-110. 


34 


